The Middlesex Hospital, London Summary Sodium nitroprusside, by a peripheral vasodilator action, is a powerful hypotensive drug. In contrast to established agents, its hypotensive action is accompanied by an unchanged or augmented cardiac output. Intravenous administration of sodium nitroprusside rapidly produces a profound and controllable hypotension. Normotension is swiftly restored by ceasing to infuse the agent, and antidotes are unnecessary. Its attributes make it especially suitable for neurosurgical anaesthesia, and although free cyanide is liberated during biotransformation, side effects are virtually absent provided that dosage is reasonable. Special contraindications to its use are hypothyroidism and altered cobalamin metabolism.
SODIUM nitroprusside was discovered in 1893 by Playfair, and by 1929 Johnson had outlined its basic pharmacology. By 1955 Page et al. had shown that it could be used to treat hypertensive patients, and that even with prolonged administration its toxic effects were minimal. It was not until 1970 that the first definitive paper on its use to produce hypotension during anaesthesia appeared (Taylor, Styles and Lamming, 1970) . During the following 3 years numerous papers describing its use during anaesthesia have appeared, all of which have testified to the efficiency and lack of side effects of the agent. Sodium nitroprusside is now established as an effective and malleable hypotensive agent, and is the drug of choice in many centres. It is, however, still a relatively untried drug, and its potential toxicity should be constantly born in mind. Doubtless its possible lethal effects delayed its adoption by anaesthetists, but experience so far has shown that, provided care is taken in the use of the drug, it is remarkably free from deleterious effects.
Pharmacology
Sodium nitroprusside (Na2Fe++(CN)5NO.2H2O) forms reddish-brown crystals which are soluble in water. In solution it is relatively stable, resisting oxidation at a neutral or slightly acidic pH. The structural unit is the nitroprusside radical, which consists of one iron atom linked to one nitrosyl and five cyanide groups. The basic units link together to form a lattice which contains the sodium and water molecules. The exact mode of action of the compound is unknown, but since many nitrites have vasodepressor actions, it is assumed that the ironnitrosyl group is the active part of the molecule. It has been estimated that the nitrosyl group is between 30 and 1000 times more powerful than nitrites (Johnson, 1929) . The primary action of sodium nitroprusside is smooth muscle relaxation; this action is direct and most readily seen in the vascular system (Johnson, 1929; Page et al., 1955) . Intravenous sodium nitroprusside rapidly produces a profound hypotension which is readily reversible and is not accompanied by tachyphylaxis. Recent controlled studies by Wildsmith et al. (1973) and Styles, Coleman and Leary (1973) (1929) observed dilatation in the isolated and perfused renal artery on exposure to sodium nitroprusside, which was accompanied by increased renal perfusion. The renal haemodynamic effects in both dogs and humans were studied by Page et al. (1955) . In dogs they found that both renal perfusion pressures and renal vascular resistance were lowered. Para-amino hippurate and creatinine clearance values were largely unchanged, as was the tubular reabsorptive capacity for glucose. In human beings similar results were obtained, and it was noted that in both species the hypertensive were more sensitive to the effects of sodium nitroprusside than were the normotensive. Clear evidence of a vasodilator action upon the renal vasculature was obtained radiographically by Moraca et al. (1962) .
Intestines and uterus. Johnson (1929) found that sodium nitroprusside inhibited contractions of isolated and perfused strips of muscle excised from the uterus and intestines. However, Page et al. (1955) found that nitroprusside did not relax the virgin or pregnant uterus of rabbits or the duodenum of dogs even when given in markedly hypotensive dosage.
Bronchial musculature. It might be expected that sodium nitroprusside would relax bronchial musculature and Johnson (1929) suggested its use therapeutically to relieve bronchoconstriction. There appear to be no studies of the actions of sodium nitroprusside on the bronchial tree. Personal experience indicates that though sodium nitroprusside can relieve bronchoconstriction occurring during general anaesthesia, objective improvement does not occur until arterial tension is grossly depressed. It would therefore seem that, at least unaided, sodium nitroprusside has little place in the therapy of bronchoconstriction.
Combination with other drugs
Since sodium nitroprusside acts directly upon the smooth muscle of vessel walls, it is to be expected that agents which reduce the muscle tone will augment the hypotensive effects of nitroprusside. Page et al. (1955) observed that many ganglioplegic and o-adrenergic blocking drugs substantially augmented the hypotensive actions of sodium nitroprusside in animals. A similar picture is seen in human beings. Patients who have received oc-adrenergic blocking agents are markedly sensitive to sodium nitroprusside, and the administration of ganglion blockers before or after an infusion of sodium nitroprusside greatly increases the response to the latter. Drugs which reduce cardiac output (e.g. halothane oradrenergic blockers) also augment its hypotensive action. Conversely, the inhalation of 15-20% carbondioxide was shown to decrease the hypotension of sodium nitroprusside (Page et al., 1955) .
Metabolism and toxicity
The evanescent action of sodium nitroprusside may be attributed to its rapid bio-transformation. The iron atom of the nitroprusside radical reacts with free sulphydryl groups found in erythrocytes, and releases cyanide radicals. This reaction is nonenzymatic, and its slow time course precludes the release of cyanide from being the mechanism of action of nitroprusside. The free cyanide radicals are then linked enzymatically to sulphydryl groups, forming thiocyanate. The enzyme, which is present in human erythrocytes and liver, was discovered and named rhodanese by Lang (1933) . The ending 'ese' indicates that the enzyme is responsible for an irreversible reaction. The observation that the chronic administration of thiocyanate to human beings was followed by a rise in the serum levels of cyanide cast doubts upon the irreversibility of the reaction. Goldstein and Rieders (1953) Thiocyanate levels of between 8 and 12 mg/100 ml blood were found to be unaccompanied by toxic effects. Both Goldstein and Rieders (1953) and Pines and Crymble (1952) estimated blood cyanide levels after the acute and chronic administration of thiocyanate. Cyanide levels were always considerably below the 034 mg/100 ml blood levels stated by Gettler and Baine (1958) to be the minimum fatal concentration. Anaesthetic literature reveals no occasions on which excessive cyanide levels have been found to result from the acute administration of sodium nitroprusside. Cole (personal communication) has found blood cyanide levels often to be unrecordable after sodium nitroprusside hypotension, but has cautioned that present methods of cyanide estimation may be inadequate. It is certain that some fatalities have occurred following nitroprusside administration. One factor is common to all the known cases, namely that large amounts of nitroprusside have been infused. In common with other agents whose detoxification relies upon enzymatic action the possibility of deficient or atypical enzymes occurring in human beings should always be borne in mind.
A further toxic action of nitroprusside has been described by Nourok et al. (1964) Precise control of the nitroprusside infusion is important, and several methods are possible. A normal infusion set with a standard control has the advantage that no special equipment is required. However, standard drip controls may be too insensitive, especially at slow drip rates. More precise regulation can be effected leaving the drip control set in one position and raising or lowering the bottle containing the infusion to alter administration rates. A further improvement is the substitution of an oversize drip control for that supplied with the drip set. A microdrip infusion system, such as is used for paediatric fluid administration, will give very fine control of infusion rates. Suitable sets have a small drip needle in the infusion chamber, the small droplet size allowing very slow rates of infusion. Lastly, electronic drip-counting mechanisms or infusion pumps have been used. Whilst these mechanisms allow a very steady infusion rate to be maintained almost indefinitely, they suffer from the disadvantages of expense, mechanical unreliability and may have too slow a response time. Once confidence has been obtained in the use of the agent it will be found that the normal drip set with standard control is satisfactory. The advantages of ready availability and reliability will be obvious.
To induce hypotension the nitroprusside infusion is commenced at a rate of 15-30 drops/min. Blood pressure should be monitored continuously. Arterial pressure will usually start falling immediately or at least within 2 min of commencing the infusion, but in rare cases where hypotension is refractory, the nitroprusside infusion should be progressively speeded up until an effect is observed. Once hypotension develops the rate of fall of pressure should be carefully noted. A gradual fall can be allowed to continue unchecked until the desired level of tension is reached, when the drip rate is then slowed to the level required for maintenance. However, if there is a rapid and progressive fall in blood pressure, the drip rate should be checked long before the desired tension is reached. For the beginner using nitroprusside, and before the potentialities of the agent are realized, too rapid a fall in blood pressure is frequently produced. Slowing or ceasing the infusion then results in an equally rapid rise which is counteracted by restarting the infusion. This results in a 'see-saw' pressure level, and it may be 5 to 10 min before a stable level of hypotension is reached. This can usually be avoided by inducing hypotension more slowly from the beginning.
Should the blood pressure fall too low, normotension can be reinstated by stopping the infusion. In most cases recovery of arterial pressure commences within 15 sec. Recovery is rapid and progressive, being substantially complete within 2-5 min. It is in the extreme transience of its action that the safety of nitroprusside lies. Antidotes are not required, and to boost recovery it is merely necessary to infuse rapidly some 200 ml of normal intravenous fluids. The importance of a separate hypotensive infusion is reiterated, for under conditions of extreme hypotension the infusion of even the small amount of nitroprusside contained within an intravenous cannula ahead of a bolus of normal intravenous fluid may be sufficient to cause a serious fall of pressure. It should be appreciated that in most patients there is no lower limit to the hypotension which may be achieved with nitroprusside. Usually the level of hypotension is directly proportional to the rate of infusion, a fact which can be used to advantage, for blood pressure can be taken down in a 'step-wise' fashion to the target level. The speed and ease with which arterial pressure levels may be changed during the course of an anaesthetic is the most attractive feature of this drug, and in this respect it outmatches any other hypotensive agent.
If meticulous attention is paid to infusion rates and blood pressure levels, controlled and effective hypotension can be produced in almost all patients. This is to be expected even if hypotension has been prolonged or the total dosage large. Should a slower restitution be required, it may be obtained by progressively retarding the rate of infusion. Once nitroprusside is discontinued, any delay in the return of normotension can be attributed to either the effects of anaesthesia or a deficiency in blood volume, and the appropriate remedial steps can be taken. When it is certain that further hypotension will not be required, the nitroprusside infusion should be securely clamped or removed from the patient to avoid the possibility of inadvertent hypotension.
Indications for use
Sodium nitroprusside is a suitable agent for use in most cases where hypotension is required. Its special features are potency, rapid action and extreme controllability, allowing minute by minute control of blood pressure. Pre-eminently it is the agent of choice during neurosurgery, where blood pressure may need to be altered rapidly to meet varying surgical conditions. For example, the surgical approach to an intracranial aneurysm may be conducted under slight or moderate hypotension, and the blood pressure then lowered profoundly for surgery of the aneurysmal sac. Once definitive surgery of the lesion is complete, the blood pressure may be rapidly restored to normal levels and the adequacy of treatment assessed. Should further surgery be necessary, the blood pressure may again be lowered within minutes to a more useful level.
Siegel, Moraca and Green (1971) The surgery of pheochromocytomata is also best carried out under nitroprusside hypotension, Katz and Wolf (1971) . Patients with these tumours will normally have received treatment by a-and 1-adrenergic blocking drugs, and will often be remarkably sensitive to the hypotensive effects of nitroprusside. Hypertension resulting from manipulation of the tumour can be remarkably easily and swiftly annulled. When the pheochromocytoma has been excised discontinuing the nitroprusside will lead to a restoration of vascular tone within minutes and if hypertension does not return, then it may be assumed that surgery has been successful.
Nitroprusside may, of course, be used in most situations where hypotension is indicated. In only one instance, namely when a more gradual return of blood pressure is required, can other agents be used to more advantage. It appears likely that increasing experience with this agent will lead to its wider use because of the rapidity and certainty with which blood pressure can be lowered. Its use need not be limited to anaesthesia for it is valuable in severe hypertensive crises outside the operating theatre. Should vasodilation be thought to be helpful during angiography, then it will rapidly and transiently produce the desired conditions. The ephemeral action of this drug is perhaps its most attractive feature. Once hypotension has been discontinued, there are no long-lasting sequelae (vasomotor or smooth muscle paralysis) and it is the only drug which can produce hypotension for exactly the period required.
Contraindications
Contraindications to hypotension are outside the scope of this article, but they obviously apply equally to nitroprusside and to other hypotensive agents. A contraindication to nitroprusside is hypothyroidism. According to the severity of the disease this will be either relative or absolute, but in any case prolonged exposure should never be permitted. The literature pertaining to the use of nitroprusside is remarkably free of contraindications or reports of deleterious sequelae. Nevertheless it cannot be overstressed that caution should always be exercised when using a relatively new agent, and if the speed of administrasion or the total amount given ever begins to cause anxiety it should be remembered that discretion should always precede valour.
